EP 3 290 947 B1

(19)

(12)

(49)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 3 290 947 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
17.11.2021 Bulletin 2021/46
Application number: 16786206.9

Date of filing: 09.03.2016

(51) IntClL:

(86)

(87)

GO1S 7/41 (2006.01) GO1S 7/292 (2006.01)

International application number:
PCT/JP2016/057283

International publication number:
WO 2016/174929 (03.11.2016 Gazette 2016/44)

(54)

SIGNAL PROCESSING DEVICE AND RADAR DEVICE
SIGNALVERARBEITUNGSVORRICHTUNG UND RADARVORRICHTUNG
DISPOSITIF DE TRAITEMENT DE SIGNAUX ET DISPOSITIF RADAR

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 28.04.2015 JP 2015091989

Date of publication of application:
07.03.2018 Bulletin 2018/10

Proprietor: Furuno Electric Co., Ltd.
Nishinomiya-City, Hyogo 662-8580 (JP)

Inventors:

GOTO, Keisuke
Nishinomiya-City
Hyogo 662-8580 (JP)
MAENO, Hitoshi
Nishinomiya-City
Hyogo 662-8580 (JP)

(74)

(56)

Representative: Miiller Hoffmann & Partner
Patentanwilte mbB

St.-Martin-Strasse 58

81541 Miinchen (DE)

References cited:
WO-A1-2006/025453
JP-A-2002 341 022
JP-A-2010 038 744
US-A- 4470 048
US-B1-7 289 060

JP-A- 2002 090 446
JP-A- 2005 337 854
JP-A- 2011 099 836
US-A1-2012 286 989

MURALI M MENON ET AL: "Automatic ship
classification system for inverse synthetic
aperture radar (ISAR) imagery", PROCEEDINGS
OF SPIE, vol. 2492, 6 April 1995 (1995-04-06),
XP055206600, ISSN: 0277-786X, DOI:
10.1117/12.205142

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 290 947 B1 2

Description
TECHNICAL FIELD

[0001] The present disclosure relates to a signal proc-
essor which detects a target object from echo signals,
and to a radar apparatus which includes the signal proc-
essor.

BACKGROUND OF THE INVENTION

[0002] As one example of conventional signal proces-
sors, Patent Document 1 discloses a target identifying
device which uses chronological information of ampli-
tudes of echo signals as it is to identify an object echo
extracted from input signals. Particularly in this target
identifying device, an identifying module receives a radar
parameter and a distance-based partial waveform se-
quence from a reception waveform processing module,
searches for and acquires a stored model parameter set,
calculates a probability of outputting the distance-based
partial waveform sequence according to each model pa-
rameter, and presents, as an identification result, a type
of target which is included in a model calculation param-
eter corresponding to the model parameter with which a
highest output probability is obtained. Thus, a target
wave and an unnecessary wave are identified based on
waveform.

[Reference Document of Conventional Art]
[Patent Document]

[0003] Patent Document 1: JP2005-214723A

[0004] However, in Patent Document 1, a probability
model expressing a transition of an amplitude is required,
and a problem of erroneously identifying the target when
a transition with a low output probability in a stored prob-
ability model is observed occurs.

[0005] The present disclosure is to solve the above
problem and aims to accurately identify a target object.
[0006] Further technological background can be found
inUS7,289,060B1,US2012/0286989A1,US 4,470,048
A, JP 2002-90446 A and Murali M. Menon et al: "Auto-
matic ship classification system for inverse synthetic ap-
erture radar imagery", Proceedings of SPIE, vol. 2492,
6 April 1995.

Summary of the Invention
[0007]

(1) In order to solve the problem described above,
according to the present disclosure, a signal proc-
essor for detecting a target object by using a trans-
ducer for transmitting a transmission wave and re-
ceiving a reflection wave of the transmission wave,
based on a reception signal obtained from the re-
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flection wave, is provided. The signal processor in-
cludes an extracting module, a characteristicamount
calculating module, a memory, and an identifying
module. The extracting module extracts, from echo
sample sequences each of which is obtained by plot-
ting a plurality of samples constituting the reception
signal on coordinates defined by a distance from the
transducer and amplitudes of the plurality of samples
and is generated for each azimuth with reference to
a position of the transducer, a plurality of samples
caused by the target object as a partial sample se-
quence. The characteristic amount calculating mod-
ule calculates a characteristic of the partial sample
sequence as a characteristic amount. The memory
stores a plurality of type-based data that are data as
comparison targets of the characteristicamount and
correspond to types from which the target object is
identified. The identifying module compares the
characteristic amount with each of the plurality of
type-based data and, based on the comparison re-
sult, identify the type of the target object for which
the characteristic amount is calculated, wherein the
characteristic amount is one of

- the number of samples constituting a rising por-
tion of the partial sample sequence,

- the number of samples constituting a falling por-
tion of the partial sample sequence, and

- avalue obtained based on an integral value of
the falling portion.

(2) The characteristic amount calculating module
may calculate the plurality of characteristic amounts
and generate a characteristic vector from the plural-
ity of characteristic amounts.

(3) The identifying module may identify the target
object based on similarity between the characteristic
amount and the type-based data.

(4) The similarity may be calculated based on a dif-
ference between the characteristic amount and the
type-based data.

(5) The type may correspond to the size of the target
object.

(6) The memory may further store unnecessary ob-
ject identification data as data that is a comparison
target of the characteristic amount. The identifying
module may compare the characteristic amount with
the unnecessary object identification data and iden-
tify, based on the comparison result, that the partial
sample sequence for which the characteristic
amount is calculated is not caused by the target ob-
ject.

(7) The signal processor may further include a dete-
rioration degree estimating module configured to es-
timate a deterioration degree that is a degree of de-
terioration of the partial sample sequence, the mem-
ory storing the plurality of type-based data classified
for each deterioration degree, as type-based data
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groups for each deterioration degree, and a data
group selecting module configured to select, based
on the deterioration degree estimated by the deteri-
oration degree estimating module, a type-based da-
ta group for each deterioration degree to be com-
pared with the partial sample sequence of which the
deterioration degree is estimated. The identifying
module may compare the characteristic amount with
each of the plurality of type-based data constituting
the type-based data group for each deterioration de-
gree selected by the data group selecting module.
Echoes caused by other objects (rain, sea clutter,
etc.) may be superimposed on the echo caused by
the target object, which may cause distortion of the
echo of the target object desired to be observed. The
deterioration degree herein may be an index indicat-
ing the degree of difference of a partial sample se-
quence actually extracted (a partial sample se-
quence superimposed by the echoes of the other
objects such as rain), from the partial sample se-
quence corresponding to only the target object.

(8) The plurality of types from which the target object
is identified may include at least a large object and
a small object indicating the size of the target object.
When a position of a certain one of the partial sample
sequences that is identified to be the small object
and a position of another one of the partial sample
sequences that is identified to be the small object
have at least a given distance from each other, the
identifying module may identify that the certain par-
tial sample sequence is not caused by the target ob-
ject.

(9) The plurality of types from which the target object
is identified may be determined in advance accord-
ing to the size of the target object. When a close-
side partial sample sequence and a far-side partial
sample sequence that are atleast two partial sample
sequences are extracted from the echo sample se-
quences, and the size of the target object indicated
by the type of the far-side partial sample sequence
that has a longer distance than the close-side partial
sample sequence from the transduceris smaller than
the size of the target object indicated by the type of
the close-side partial sample sequence, the identi-
fying module may identify that the far-side partial
sample sequence is not caused by the target object.
(10) In order to solve the problem described above,
according to one aspect of the present disclosure, a
radar apparatus may include a transducer config-
ured to transmit a transmission wave and receive a
reflection wave of the transmission wave, any one
of the described signal processors, and a display
unit configured to display the identification result of
the signal processor.

(11) The radar apparatus, which may be equipped
on a ship, may further include a positioning unit con-
figured to perform positioning of the ship, and a buoy
information acquirer configured to store nautical
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chart information including positions of buoys and
acquire positional information of a buoy within a giv-
en distance range from the ship among the buoys in
the nautical chart information. The identifying mod-
ule may identify that the target object is the buoy
based on the positional information of the buoy ac-
quired by the buoy information acquirer and position-
alinformation of the target object for which the partial
sample sequence extracted by the extracting mod-
ule of the signal processor is generated.

[Effect of the Invention]

[0008] According to the present disclosure, the target
object may accurately be identified.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

Fig. 1 is a block diagram of a radar apparatus ac-
cording to one embodiment of the present disclo-
sure.

Fig. 2 is a block diagram of an echo identification
processor illustrated in Fig. 1.

Fig. 3 is a view schematically illustrating one exam-
ple of a radar image generated by a radar image
generating module illustrated in Fig. 1.

Fig. 4 is a graph illustrating one example of an echo
sample sequence.

Fig. 5 is an enlarged view around a peak waveform
Pk1 of the echo sample sequence illustrated in Fig.
4, illustrating a generating method of a characteristic
vector.

Fig. 6 is a view illustrating a characteristic vector and
a characteristic vector graph generated from the
characteristic vector.

Fig. 7 shows views illustrating templates stored in a
memory.

Fig. 8 is a view illustrating one example of a display
image generated by a display image generating
module illustrated in Fig. 1, which is an image dis-
played on a display unit.

Fig. 9 is a block diagram of an echo identification
processor of a radar apparatus according to a mod-
ification.

Fig. 10 is a flowchart illustrating an operation of the
echo identification processor illustrated in Fig. 9.
Fig. 11 is agraphillustrating one example of an echo
sample sequence.

Fig. 12 shows schematic views of templates stored
in a memory illustrated in Fig. 9.

Fig. 13 is a block diagram of an echo identification
processor of a radar apparatus according to a mod-
ification.

Fig. 14 shows views illustrating templates stored in
a memory illustrated in Fig. 13.

Fig. 15 is a block diagram of an echo identification
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processor of a radar apparatus according to a mod-
ification.

Fig. 16 is a view illustrating one example of animage
displayed on a display unit illustrated in Fig. 15.
Fig. 17 is a block diagram of an echo identification
processor of a radar apparatus according to a mod-
ification.

Fig. 18 is a view illustrating one example of animage
displayed on a display unit illustrated in Fig. 17.
Fig. 19is a view illustrating one example of the image
displayed on the display unit illustrated in Fig. 17,
illustrating a different display example from Fig. 18.
Fig. 20 is a block diagram of a radar apparatus ac-
cording to a modification.

Fig. 21 is a block diagram of an echo identification
processor illustrated in Fig. 20.

Detailed Description of the Invention

[0010] Hereinafter, one embodiment of a radar appa-
ratus 1 including an echo identification processor 10 as
a signal processor according to the present disclosure is
described with reference to the accompanying drawings.
The present disclosure is broadly applicable as a signal
processor which detects a target object from an echo
signal, and a radar apparatus including the signal proc-
essor.

[0011] Fig. 1is a block diagram of the radar apparatus
1 according to this embodiment of the present disclosure.
Further, Fig. 2 is ablock diagram of the echo identification
processor 10 illustrated in Fig. 1. The radar apparatus 1
of this embodiment may be, for example, a ship radar
and mainly used to detect objects, such as other ships.
Further, the radar apparatus 1 may be configured to be
capable of tracking an object selected as a tracked object.
Note that in the following description, a ship equipped
with the radar apparatus 1 may be referred to as "the
ship."

[0012] As illustrated in Fig. 1, the radar apparatus 1
may include an antenna unit 2, aradar image generating
module 3, atracking processing module 4, the echo iden-
tification processor 10, a display image generating mod-
ule 5, and a display unit 6.

[0013] The antenna unit 2 may include an antenna 2a,
areceiver 2b, and an A/D converter 2c.

[0014] The antenna 2a may be a radar antenna capa-
ble of transmitting a pulsed radio wave (transmission
wave) having high directivity. The antenna 2a may also
be configured to receive a reflection wave from an object.
The radar apparatus 1 may measure a time length from
a transmission of the pulsed radio wave to a reception
of the reflection wave. As a result, the radar apparatus 1
may detect a distance to the object. The antenna 2a may
be configured to be capable of rotating 360° on a hori-
zontal plane. The antenna 2a may be configured to re-
peatedly transmit and receive the radio wave at every
given timing while changing the transmission direction of
the pulsed radio wave (while changing the antenna an-
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gle). With the above configuration, the radar apparatus
1 may detect the object on a plane around the ship over
360°.

[0015] Note that, in the following description, an oper-
ation starting from a transmission of the pulse-shaped
radio wave to the next transmission of the pulse-shaped
radio wave may be referred to as "one sweep." Moreover,
an operation of rotating the antenna 360° while perform-
ing the transmission and reception of the radio wave may
be referred to as "one scan."

[0016] The receiver2b may detectand amplify an echo
signal obtained from the reflection wave received by the
antenna 2a. The receiver 2b may output the amplified
echo signal to the A/D converter 2c. The A/D converter
2c may sample the echo signal in analog and convert it
into digital data (echo data) composed of a plurality of
bits. Here, the echo data may include data specifying the
intensity (signal level) of the echo signal obtained from
the reflection wave received by the antenna 2a. The A/D
converter 2c may output the echo data to the radar image
generating module 3, the tracking processing module 4,
and the echo identification processor 10.

[0017] Fig. 3 is a view schematically illustrating one
example of a radar image Pr generated by the radar im-
age generating module 3. Based on the echo data out-
putted from the A/D converter 2c, the radar image gen-
erating module 3 may generate the radar image Pr over
360° in the horizontal plane around a ship position S. The
radar image Pr generated by the radar image generating
module 3 may be outputted to the display image gener-
ating module 5. In the example illustrated in Fig. 3, five
echo images TGn of target objects ("n" is a natural
number and assigned corresponding to each target ob-
ject) may be displayed on a display screen. Note that,
the density of dots in Fig. 3 may correspond to the echo
intensity of the reflection wave from the object. For ex-
ample, an area where echoes with high intensity are ob-
served may be illustrated with high density dots, and an
area where echoes with low intensity are observed may
be illustrated with low density dots. Echoes displayed in
a center section of the display screen may be reflection
waves from a sea surface (a sea clutter) near the ship
position S.

[0018] The tracking processing module 4 may be con-
figured to specify a tracked object (target object) based
on the echo data outputted from the A/D converter 2¢c
and perform tracking processing in which the tracked ob-
ject is tracked. For example, the tracking processing
module 4 may calculate coordinates and estimated ve-
locity vector of the tracked object based on a velocity
vector estimated from coordinates of the tracked object
in the previous scanning. The tracking processing mod-
ule 4 may output the calculated coordinates and estimat-
ed velocity vector of the tracked object to the display im-
age generating module 5. Note that, detailed explanation
of the processing performed by the tracking processing
module 4 is omitted since itmay be similar to the process-
ing performed by a conventionally known tracking proc-
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€ssor.
[0019] The echo identification processor 10 may ex-
tract the target object based on the echo data outputted
from the receiver 2b, identify which type of object the
target object is (e.g., a large ship, a medium ship, or a
small ship), and output the identification result to the dis-
play image generating module 5. As illustrated in Fig. 2,
the echo identification processor 10 may include an ex-
tracting module 11, a characteristic vector generating
module 12, a memory 13, and an identifying module 14.
[0020] Fig. 4 is a graph illustrating one example of an
echo sample sequence ES. Further, Fig. 5is an enlarged
view around a peak waveform Pk1 of the echo sample
sequence ES illustrated in Fig. 4. The echo sample se-
quence ES may be a graph obtained by plotting on co-
ordinates a plurality of samples which are obtained from
a single sweep. In the coordinates, as illustrated in Figs.
4 and 5, the horizontal axis is a sample number (corre-
sponding to the distance from the ship position S) and
the vertical axis indicates the amplitude of the echo. The
extracting module 11 may generate the echo sample se-
quence ES for every sweep. Note that, the echo sample
sequence ESillustratedin Fig. 4 may be generated based
on the reflection waves of the transmission waves trans-
mitted in the direction of a straight line L in Fig. 3.
[0021] With reference to Fig. 5, the extracting module
11 may extract a portion of the echo sample sequence
ES which is caused by the target object, as a partial sam-
ple sequence Rn (Smpl, ..., Smp2, ..., Smp3). For exam-
ple, with reference to Fig. 4, the extracting module 11
may compare each of the sample data constituting the
echo sample sequence with a threshold Thr stored in the
extracting module 11 itself, and if at least a given number
of successive sample data exceed the threshold Thr in
a distance direction, the extracting module 11 may ex-
tract these sample data (Smp1, ..., Smp2, ..., Smp3 in
the example illustrated in Fig. 5) as the partial sample
sequence Rn. The partial sample sequence Rn thus ex-
tracted may be outputted to the characteristic vector gen-
erating module 12. Note that, in the example illustrated
in Fig. 4, two partial sample sequences R1 and R2 cor-
responding to the two peak waveforms Pk1 and Pk2 are
extracted, respectively.

[0022] With reference to Fig. 5, the characteristic vec-
tor generating module 12 may calculate a plurality of
characteristic amounts for each partial sample sequence
Rn, and generate a characteristic vector from the plurality
of calculated characteristicamounts. In order to generate
the characteristic vector, the characteristic vector gener-
ating module 12 may first calculate first to fourth charac-
teristic amounts C1 to C4.

[0023] With reference to Fig. 5, the first characteristic
amount C1 may be calculated based on the number N1
of samples in a rising portion of the peak waveform Pk1
(i.e., the number of successive samples from the sample
Smp1 which exceeds the threshold Thr to the sample
Smp2 which has a peak value Vp). In this embodiment,
the first characteristic amount C1 may be calculated as
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anormalized value so thatthe number N1 of the samples
falls within a range of 0 to 5.

[0024] The second characteristic amount C2 may be
calculated based on the peak value Vp of the peak wave-
form Pk1. In this embodiment, the second characteristic
amount C2 may be calculated as a normalized value so
that the peak value Vp falls within the range of 0 to 5.
[0025] The third characteristic amount C3 may be cal-
culated based on the number N2 of samples in a falling
portion of the peak waveform Pk1 (i.e., the number of
successive samples from the sample Smp2 which has
the peak value Vp to the sample Smp3 which falls below
the threshold Thr). In this embodiment, the third charac-
teristic amount C3 may be calculated as a normalized
value so that the number of samples falls within the range
of 0 to 5.

[0026] The fourth characteristicamount C4 may be cal-
culated based on a value obtained through dividing a
value A1 by a value A2 (A1/A2). The value A1 may be
obtained by integrating values obtained through reducing
the peak value Vp by the respective amplitudes of the
successive samples from the sample Smp2 which has
the peak value Vp to the sample Smp3 which falls below
the threshold Thr. The value A2 may be obtained through
integrating the amplitudes of the successive samples
from the sample Smp2 to the sample Smp3. That is, the
fourth characteristic amount may be calculated based on
the value (A1/A2) obtained through dividing the area of
the hatched portion in Fig. 5 by the area of the cross-
hatched portion. In this embodiment, the fourth charac-
teristic amount C4 may be calculated as a normalized
value so that the value of A1/A2 falls within the range of
0to 5.

[0027] Fig.6is aview illustrating a characteristic vector
CV and a characteristic vector graph G, generated from
the characteristic vector CV. The characteristic vector
generating module 12 may generate the characteristic
vector CV by grouping the first to fourth characteristic
amounts C1 to C4 calculated corresponding to each par-
tial sample sequence Rn as one set. Then, the charac-
teristic vector generating module 12 may generate the
characteristic vector graph Gy, as illustrated in Fig. 6
from the characteristic vector CV. The characteristic vec-
tor graph G\, may be a graph generated by plotting the
characteristic amounts C1 to C4 on the axes of orthog-
onal coordinates and connecting the characteristic
amounts C1 to C4 adjacent to each other in the circum-
ferential direction with straight lines.

[0028] Fig. 7 shows schematic views of templates TP
(type-based data) stored in the memory 13. Each tem-
plate TP may be a graph having the same coordinates
as the characteristic vector graph Gy, and prepared in
advance by experiments etc. For example, the template
TP may be a characteristic vector graph generated from
the characteristic vector obtained from the reflection
waves by conducting an experiment on an object of which
shape was already known. The templates TP may in-
clude, for example, large ship templates TP, medium
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ship templates TPy, and small ship templates TPg which
are foridentifying the target object by the identifying mod-
ule 14 described later in detail. Each template TP may
be generated as an identification characteristic vector
graph which is compared with the characteristic vector
graph Gy, to identify the size of the ship corresponding
to the target object having the characteristic vector. Note
that, the characteristic amounts of each template TP il-
lustrated in Fig. 7 may merely be illustrated as an exam-
ple and therefore irrelevant to the characteristic amounts
obtained by actual experiments etc.

[0029] The characteristic vector of the ship may vary
depending on the size of the ship. Particularly, for exam-
ple, a highest value of a partial sample sequence ob-
tained from echoes of a large ship (that is, the charac-
teristic amount C2) may become higher than a highest
value of a partial sample sequence obtained from echoes
of a small ship. Thus, the size of the target object (ship)
may be estimated by preparing, in advance for every size
of the ship, the template TP of the characteristic vector
which may vary depending on the size of the ship, and
comparing the characteristic vector CV of the target ob-
ject with each template TP stored in the memory 13.
[0030] Further,the characteristic vector ofthe ship may
also vary depending on the orientation of a ship (other
ship) with respect to the ship, in other words, the orien-
tation of the other ship when seen from the ship. In this
regard, the memory 13 may store a plurality of templates
TP of the characteristic vectors different from each other
depending on the orientation of the ship, for each of the
large ship, the medium ship, and the small ship.

[0031] The identifying module 14 may compare the
characteristic vector graph G¢\, generated by the char-
acteristic vector generating module 12 with all the tem-
plates TP stored in the memory 13 and, based on the
comparison result, identify the size of the ship which is
the target object (one of the large, medium and small
ships). To be slightly specific, the identifying module 14
may calculate similarity between the characteristic vector
graph G¢, and each template TP, and determine the size
of the ship indicated by the template TP having the high-
est similarity as the size of the ship. The identifying mod-
ule 14 may identify the sizes of the target objects (ships)
corresponding to all the partial sample sequences Rn
extracted by the extracting module 11.

[0032] Forexample, the identifyingmodule 14 may cal-
culate, as the similarity, a Euclidean distance between a
four-dimensional spatial position defined by the charac-
teristic amounts C1 to C4 constituting the characteristic
vector graph Gy, of the target object and a four-dimen-
sional spatial position defined by characteristic amounts
Cltmp to C4tmp constituting each template. The identi-
fying module 14 may further determine the size indicated
by the template which has the smallest Euclidean dis-
tance, as the size of the target object. The identification
result of the identifying module 14 (whether the target
object is the large ship, the medium ship, or the small
ship) may be notified to the display image generating
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module 5.

[0033] Fig. 8 is a view illustrating one example of a
display image P generated by the display image gener-
ating module 5, which is an image displayed on the dis-
play unit 6. The display image generating module 5 may
generate the display image P displayed on the display
unit 6 based on the radar image generated by the radar
image generating module 3, the coordinates and esti-
mated velocity vector of the tracked object notified from
the tracking processing module 4, and the identification
result of the target object obtained by the echo identifi-
cation processor 10.

[0034] For example, based on the coordinates of the
tracked object notified from the tracking processing mod-
ule 4, the display image generating module 5 may gen-
erate an image of a marker MKn surrounding the echo
image TGn to indicate that the echo image TGn is a
tracked object. The size of this marker MKn may be de-
termined based on the identification result of the target
object (tracked object) identified by the identifying mod-
ule 14.In the display image P illustrated in Fig. 8, an echo
image TG1 identified as a large ship may be surrounded
by a circular marker MK1 having a relatively large radius,
an echo image TG3 identified as a medium ship may be
surrounded by a circle marker MK3 having a smaller ra-
dius than the marker MK1, and echo images TG2, TG4
and TG5 identified as small ships may be surrounded by
circular markers MK2, MK4 and MK5 having a smaller
radius than the marker MK3. Thus, the user may grasp
the size of each ship.

[0035] As described above, in the radar apparatus 1
accordingto this embodiment, the size of the target object
may be known based on the size of the marker MKn
displayed superimposed on the echo image TGn of each
target object.

[0036] Further, as described above, the echo identifi-
cation processor 10 may identify the target object based
on the comparison result of the characteristic amounts
C1 to C4 generated from the partial sample sequence
Rn corresponding to each target object with the tem-
plates TP. In this manner, the risk of erroneously identi-
fying the target object may be reduced compared with
using the chronological information of the amplitudes of
the echo signals as it is as in the conventional case.
[0037] To describe this point more in detail, in the con-
ventional case, since the chronological information of the
amplitude of the echo signal is used as it is, even when
the echo amplitude changes instantaneously (that is, in
a relatively short time) due to noises etc., this change
may influence the identification of the target object, caus-
ing erroneous identification of the target object.

[0038] Onthe otherhand, in the radar apparatus of this
embodiment, the characteristics of the partial sample se-
quence Rn obtained for each target object may be cal-
culated as the characteristic amounts C1 to C4, and the
target object may be identified based on the character-
istic amounts C1 to C4. Thus, it may be prevented that
the instantaneous change of the echo amplitude greatly
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influences the identification result of the target object.
[0039] Therefore, according to the echo identification
processor 10, the influence of the instantaneous change
of the amplitude of the echo signal when identifying the
target object may be reduced. Thus, the target object
may accurately be identified.

[0040] Further, the echo identification processor 10
may identify the target object by using the characteristic
vector CV generated from the plurality of characteristic
amounts C1 to C4. Thus, characteristics of the target
object may be grasped in multiple directions. As a result,
the target object may be identified more accurately.
[0041] Further, the echo identification processor 10
may calculate the characteristic amount C1 based on the
number N1 of samples constituting the rising portion of
the partial sample sequence Rn, and identify the target
objectbased on the characteristicamount C1. As aresult,
the target object may suitably be identified based on the
rising portion.

[0042] Further, the echo identification processor 10
may calculate the characteristic amount C3 based on the
number N2 of samples constituting the falling portion of
the partial sample sequence Rn, and identify the target
objectbased on the characteristicamount C3. As aresult,
the target object may suitably be identified based on the
falling portion.

[0043] Further, the echo identification processor 10
may calculate the characteristic amount C4 based on the
value obtained on the basis of the integral value A2 of
the falling portion of the partial sample sequence Rn, and
identify the target object based on the characteristic
amount C4. As a result, the target object may suitably be
identified based on the integral value.

[0044] Further, the echo identification processor 10
may identify the target object based on the similarity be-
tween the characteristic vector graph G\, generated
based on the characteristic amounts C1 to C4 and the
templates TP. As aresult, one of the plurality of templates
TP which is closest to the characteristic vector graph Gy
may be selected.

[0045] Further, the echo identification processor 10
may calculate the similarity based on the difference be-
tween the characteristic amounts C1 to C4 of the target
object and the characteristic amounts Cltmp to C4tmp of
the templates TP. As a result, the similarity may suitably
be calculated.

[0046] Although the embodiment of the present disclo-
sure is described above, the present disclosure is not
limited to these embodiments, and various modifications
may be made.

[0047] (1) Fig. 9 is a block diagram of an echo identi-
fication processor 10a of a radar apparatus according to
a modification. Further, Fig. 10 is a flowchart illustrating
an operation of the echo identification processor 10a il-
lustrated in Fig. 9. Moreover, Fig. 11is a graphillustrating
one example of an echo sample sequence. The echo
identification processor 10a of the radar apparatus ac-
cording to this modification may be different from the echo
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identification processor 10 of the above embodiment in
configuration and operation. The echo identification proc-
essor 10a may include an extracting module 15, a char-
acteristic vector generating module 16, a memory 17,
and an identifying module 18. Hereinafter, the configu-
ration and operation of the echo identification processor
10a may be described with reference to Figs. 9 to 11.
[0048] The extracting module 15 may include a candi-
date object extracting submodule 15a and an unneces-
sary object extracting submodule 15b.

[0049] The candidate object extracting submodule 15a
may compare, with reference to Fig. 11, each of sample
data constituting the echo sample sequence ES with a
first threshold Thrl stored therein (corresponding to the
threshold Thr of the above embodiment). If at least a
given number of successive sample data exceed the first
threshold Thrlin the distance direction, the candidate ob-
ject extracting submodule 15a may extract these sample
data as a candidate object partial sample sequence RAn
(S1 in Fig. 10). The extracted candidate object partial
sample sequence RAn may be outputted to the charac-
teristic vector generating module 16. Note that, the can-
didate object partial sample sequence RAn may be a
partial sample sequence obtained from an object which
may be a target object candidate, and, as described later
in detail, may be categorized into a partial sample se-
quence of the target object and a partial sample se-
quence of an unnecessary object (sea clutter etc.) as an
object which is not a target object. Further, the value of
the first threshold Thrl described above may be changed
by the operation of the user.

[0050] The unnecessary object extracting submodule
15b may compare, with reference to Fig. 11, each of sam-
ple data constituting the echo sample sequence with the
first threshold Thrland a second threshold Thr2. If at least
a given number of successive sample data fall below the
first threshold Thrl and also exceed the second threshold
Thr2 in the distance direction, the unnecessary object
extracting submodule 15b may extract these sample data
as an unnecessary object partial sample sequence (S7
in Fig. 10). Note that, the unnecessary object partial sam-
ple sequence may be a partial sample sequence caused
by the unnecessary object described above. The extract-
ed unnecessary object partial sample sequence may be
outputted to the characteristic vector generating module
16. Further, the object from which the partial sample se-
quence extracted as the unnecessary object partial sam-
ple sequence by the unnecessary object extracting sub-
module 15b is generated, may be notified to the identi-
fying module 18 as the unnecessary object. Further, the
value of the second threshold Thr2 described above may
be changed by the operation of the user.

[0051] Similarly to the case of the above embodiment,
the characteristic vector generating module 16 may gen-
erate the candidate object characteristic vector graph as
a characteristic vector graph based on the candidate ob-
ject partial sample sequence RAn extracted by the can-
didate object extracting submodule 15a. Further, similar-
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ly to the case of the above embodiment, the characteristic
vector generating module 16 may generate an unneces-
sary object characteristic vector graph as a characteristic
vector graph based on the unnecessary object partial
sample sequence extracted by the unnecessary object
extracting submodule 15b (S8 in Fig. 10). The candidate
object characteristic vector graph may be outputted to
the identifying module 18. On the other hand, the unnec-
essary object characteristic vector graph may be output-
ted to the memory 17.

[0052] Fig. 12 shows schematic views of templates
stored in the memory 17 illustrated in Fig. 9. Similarly to
the case of the above embodiment, the memory 17 may
store large ship templates, medium ship templates, and
small ship templates for identifying the target object.
These templates may be prepared in advance by exper-
iments etc. similarly to the case of the above embodi-
ment.

[0053] Further, the memory 17 may store unnecessary
object templates (unnecessary object identification data)
for identifying the unnecessary object. The memory 17
may store the unnecessary object characteristic vector
graphs generated and outputted sequentially by the char-
acteristic vector generating module 16 as the unneces-
sary object templates (S9 in Fig. 10). An upper limit
number of the unnecessary object characteristic vector
graphs stored in the memory 17 may be determined in
advance, and when the number of the unnecessary ob-
jectcharacteristic vector graphs generated from the char-
acteristic vectorgenerating module 16 exceeds the upper
limit number, the oldest unnecessary object template
stored may be deleted and the latest unnecessary object
characteristic vector graph inputted may be stored as a
new unnecessary object template. Note that, the memory
17 may not store any unnecessary object template in an
initial state (state immediately after the apparatus is man-
ufactured).

[0054] Based onthe partial sample sequences extract-
ed by the extracting module 15 (the candidate object par-
tial sample sequence and the unnecessary object partial
sample sequence), the identifying module 18 may iden-
tify whether the object from which the partial sample se-
quences are generated is the target object or the unnec-
essary object. Further, when the partial sample sequence
is caused by the target object, the identifying module 18
may identify which ship corresponds to the target object,
a large ship, a medium ship or a small ship.

[0055] Forexample, whenthe unnecessary object par-
tial sample sequence is extracted by the extracting mod-
ule 15, the object from which the unnecessary object par-
tial sample sequence is generated may be identified as
the unnecessary object (that is, it is not identified as the
target object (S10 in Fig. 10). On the other hand, when
the extracting module 15 extracts the candidate object
partial sample sequence, the identifying module 18 may
compare the characteristic vector graph generated from
the candidate object partial sample sequence with the
templates (S2 in Fig. 10), and according to the compar-
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ison result, the identifying module 18 may identify the
object from which the characteristic vector is generated,
as one of the large ship, the medium ship, the small ship,
and the unnecessary object (S3 to S6 in Fig. 10).
[0056] Meanwhile, the intensity of the echo signal of
the object which is desired to be detected by the radar
apparatus may vary depending on the surrounding envi-
ronment etc. In this regard, the radar apparatus of this
modification may be configured such that the value of
the first threshold Thrl is adjustable by the user so that
the object desired to be detected may be detected. Thus,
for example, even in an environment in which the echo
intensity of the object desired to be detected is low, the
user may reduce the value of the first threshold Thrl so
that the object may be detected. However in this case,
an object, such as sea clutter which is not desired to be
detected, may erroneously be detected as the target ob-
ject.

[0057] In this regard, in the echo identification proces-
sor 10a of the radar apparatus of this modification, the
characteristic vector graph obtained from an unneces-
sary object, such as sea clutter, may be stored in the
memory 17 as the unnecessary object template. Further,
the characteristic vector graph of a candidate object
which is a candidate for the target object may be com-
pared, not only with each ship template, but also with
each unnecessary object template. Thus, when the char-
acteristic vector graph of the object detected as the can-
didate object has the highest similarity to the unneces-
sary object template, the object may not be detected as
the target object. That is, by the user reducing the value
of the first threshold, the object which has been errone-
ously detected once may be excluded from the target
objects by considering it as an unnecessary object.
Therefore, according to the echo identification processor
10a of this modification, the risk of erroneously detecting
the unnecessary object as a target object may be reduced
while the detection accuracy of the target object may be
improved.

[0058] Asdescribedabove, accordingtotheechoiden-
tification processor 10a of the radar apparatus of this
modification, the risk of erroneously detecting the unnec-
essary object as a target object may be reduced.
[0059] (2) Fig. 13 is a block diagram of an echo iden-
tification processor 10b of a radar apparatus according
to a modification. The echo identification processor 10b
of the radar apparatus according to this modification may
include an extracting module 11, a characteristic vector
generating module 12, a deterioration degree estimating
module 19, a memory 20, and an identifying module 21.
Among these components, configurations and opera-
tions of the extracting module 11 and the characteristic
vector generating module 12 may be the same as those
of the extracting module 11 and the characteristic vector
generating module 12 ofthe echo identification processor
10 of the above embodiment and the detailed description
thereof is omitted.

[0060] The deterioration degree estimating module 19
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may estimate a deterioration degree of the partial sample
sequence extracted by the extracting module 11. Echoes
caused by other objects (rain, sea clutter, etc.) may be
superimposed on an echo caused by a target object,
which may cause distortion of the echo of the target object
desired to be observed. The deterioration degree may
be an index indicating the degree of difference of a partial
sample sequence actually extracted, from the partial
sample sequence corresponding to only the target object.
For example, the partial sample sequence having a low
deterioration degree may be a partial sample sequence
extracted in a situation where the number of the other
objects (rain, see clutter, etc.) described above is small.
On the other hand, the partial sample sequence having
a high deterioration degree may be a partial sample se-
quence extracted in a situation where the number of the
other objects is large.

[0061] For example, the deterioration degree estimat-
ing module 19 may calculate a difference between a high-
est value of the partial sample sequence and a threshold
Thr as a deterioration degree reference value, and cal-
culate the deterioration degree according to the deterio-
ration degree reference value. The deterioration degree
may be classified into, for example, three levels of low,
medium and high. The deterioration degree estimating
module 19 may estimate that the deterioration degree is
low when the deterioration degree reference value is a
relatively low value, that the deterioration degree is me-
dium when the deterioration degree reference value is a
medium value, and that the deterioration degree is high
when the deterioration degree reference value is a rela-
tively high value. The deterioration degree estimated by
the deterioration degree estimating module 19 may be
notified to the identifying module 21.

[0062] Fig. 14 shows views illustrating templates
stored in the memory 20 illustrated in Fig. 13. The tem-
plates stored in the memory 20 of this modification may
also be prepared in advance by experiments etc., simi-
larly to the templates stored in the memory 13 of the
above embodiment. The templates of this modification
may be classified and stored for each deterioration de-
gree described above. For example, with reference to
Fig. 14, the plurality of templates stored in the memory
20 may be classified into one of a template group (high-
deterioration degree template group) classified into a
group of high deterioration degree, a template group (me-
dium-deterioration degree template group) classified into
a group of medium deterioration degree, and a template
group (low-deterioration degree template group) classi-
fied into a group of low deterioration degree. Each group
of templates may include templates of a large ship, tem-
plates of a medium ship, and templates of a small ship.
[0063] The identifying module 21 may include a tem-
plate group selecting submodule 21a (data group select-
ing module). The template group selecting submodule
21a may select one of the three template groups based
on the deterioration degree notified from the deterioration
degree estimating module 19. For example, the template

10

15

20

25

30

35

40

45

50

55

group selecting submodule 21a may select the low de-
terioration degree template group when the deterioration
degree notified from the deterioration degree estimating
module 19 is low, the medium deterioration degree tem-
plate group when the deterioration degree notified from
the deterioration degree estimating module 19 is medi-
um, and the high deterioration degree template group
when the deterioration degree notified from the deterio-
ration degree estimating module 19 is high. Then, the
identifying module 21 may compare each of the tem-
plates constituting the selected template group with the
characteristic vector graph G, to calculate the similarity,
and the identifying module 21 may notify a display image
generating module 5 of the size of the ship corresponding
to the template with the highest similarity (the large ship,
the medium ship, or the small ship), similarly to the case
of the above embodiment.

[0064] As described above, in the echo identification
processor 10b of the radar apparatus of this modification,
the partial sample sequence of the target object may be
compared with the templates included in a template
group prepared for each deterioration degree of the par-
tial sample sequence (type-based data group for each
deterioration degree). Thus, even when noises, such as
rain or sea clutter etc., are superimposed on the echo of
the target object, since the target object may be identified
using the template group in which the influence of these
noises are taken into consideration in advance, the object
may be identified more suitably.

[0065] (3) Fig. 15 is a block diagram of an echo iden-
tification processor 10c of a radar apparatus according
to a modification. Further, Fig. 16 is a view illustrating
one example of an image displayed on a display unit 6
illustrated in Fig. 15. The echo identification processor
10c of the radar apparatus of this modification may in-
clude an extracting module 11, a characteristic vector
generating module 12, a memory 13, and an identifying
module 22. Among these components, the extracting
module 11, the characteristic vector generating module
12, and the memory 13 may be the same as those in the
above embodiment. Thus, the description thereofis omit-
ted.

[0066] As in the case of the above embodiment, the
identifying module 22 may be configured to identify the
small ship, the medium ship, and the large ship. Among
these ships, the identification processes of the medium
and large ships may be the same as in the above em-
bodiment. However, the identification process of the
small ship may be different from the above embodiment.
[0067] The identifying module 22 may include a small
ship identifying submodule 22a. The identifying module
22 may extract partial sample sequences with highest
similarity to the template of the small ship, as small ship
candidate partial sample sequences. For the respective
small ship candidate partial sample sequences thus ex-
tracted, the small ship identifying submodule 22a may
select small ship candidate partial sample sequences at
closest positions to each other, and when the mutual dis-
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tance therebetween is relatively long (above a given val-
ue), the small ship candidate partial sample sequences
may not be identified as the small ship. On the other
hand, when the mutual distance is short (below the given
value), the small ship candidate partial sample sequenc-
es may be identified as the small ship.

[0068] For example, to describe with reference to Fig.
16, the small ship candidate partial sample sequence
located at Pt1 may be relatively distant from positions of
other small ship candidate partial sample sequences (Pt2
to Pt6). Therefore, the small ship candidate partial sam-
ple sequence may not be identified as the small ship, and
the small ship marker MKn may not be displayed on the
echo image. Similarly, the small ship candidate partial
sample sequences of which positions are indicated by
Pt2 to Pt6 may also not be identified as the small ship.
[0069] On the other hand, to also describe with refer-
ence to Fig. 16, the small ship candidate partial sample
sequence located at Pt7 may be close to positions (Pt8
and Pt9) of other small ship candidate partial sample se-
quences. Therefore, the small ship candidate partial
sample sequences may be identified as the small ship,
and a marker MK4 for the small ship may be displayed
on the echo image.

[0070] Generally, evenwith a small object, partial sam-
ple sequences caused by the small object may be ob-
tained successively over a plurality of points in the cir-
cumferential direction with reference to the ship position
S. In other words, the partial sample sequences not ob-
tained successively in the circumferential direction may
highly possibly be caused by noise, such as sea clutter,
and not by the target object. In this regard, as described
above, the small ship candidate partial sample sequenc-
es of which mutual distance is short in the circumferential
direction may be identified as the small ship, and the
small ship candidate partial sample sequence far from
the other small ship candidate partial sample sequences
may not be identified as the small ship. Thus, the possi-
bility of erroneously identifying the unnecessary echo as
the small object may be reduced.

[0071] Asdescribed above,accordingtothe echoiden-
tification processor 10c of the radar apparatus of this
modification, the possibility of erroneously identifying the
unnecessary echo as the small object may be reduced.
[0072] (4)Fig. 17 is a block diagram of an echo iden-
tification processor 10d of a radar apparatus according
to a modification. The echo identification processor 10d
of the radar apparatus of this modification may include
an extracting module 11, a characteristic vector gener-
ating module 12, amemory 13, and an identifying module
23. Among these components, the extracting module 11,
the characteristic vector generating module 12, and the
memory 13 may be the same as those in the above em-
bodiment. Thus, the description thereof is omitted.
[0073] Similarly to the case of the above embodiment,
the identifying module 23 may be configured to identify
a small ship, a medium ship, and a large ship. Among
these ships, the identification process of the large ship
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may be the same as in the above embodiment. However,
the identification processes of the medium ship and the
small ship may be different from the above embodiment.
[0074] The identifying module 23 may include a medi-
um ship identifying submodule 23a and a small ship iden-
tifying submodule 23b. The identifying module 23 may
extract partial sample sequences with highest similarity
to a template of the medium ship, as medium ship can-
didate partial sample sequences. For the respective me-
dium ship candidate partial sample sequences thus ex-
tracted, when the large ship is located on the ship side
of the medium ship candidate partial sample sequences,
the medium ship identifying submodule 23a may not
identify the medium ship candidate partial sample se-
quences as the target object. Note that, each of the me-
dium ship candidate partial sample sequences illustra-
tively described here may correspond to a far-side partial
sample sequence. Further, each of the partial sample
sequences generated from the large ship, which are il-
lustratively described here, may correspond to a close-
side partial sample sequence.

[0075] Similarly, the identifying module 23 may extract
partial sample sequences with highest similarity to a tem-
plate of the small ship, as small ship candidate partial
sample sequences. For the respective small ship candi-
date partial sample sequences thus extracted, when a
large or medium ship is located on the ship side of the
small ship candidate partial sample sequences, the small
ship identifying submodule 23b may not identify the small
ship candidate partial sample sequences as the target
object. Note that, each of the small ship candidate partial
sample sequences illustratively described here may cor-
respond to the far-side partial sample sequence. Further,
each the partial sample sequences generated from the
large and medium ships, which are illustratively de-
scribed here, may correspond to the close-side partial
sample sequence.

[0076] Fig. 18 is a view illustrating one example of an
image displayed on a display unit 6 illustrated in Fig. 17.
With reference to Fig. 18, on the ship position S side of
an echo image TG2 generated from the small ship can-
didate partial sample sequences, an echo image TG1
larger than the echo image TG2 may be located in the
same azimuth direction (straight line L direction) with ref-
erence to the ship position S. Therefore, markers MK1,
MK3 to MK5 as assigned to other echo images TG1, TG3
to TG5 may not be assigned to the echo image TG2.
[0077] Meanwhile, as illustrated in Fig. 18, when a rel-
atively large object (corresponding to TG1) is detected
close to the ship and an object (corresponding to TG2)
smaller than the large object may be detected on the far
side at the same azimuth, the small object may highly
possibly be an echo caused by multiple reflections of the
transmission wave. This is because, when a large object
is located close to the ship, it may be considered that the
transmission wave does not reach the object located far-
ther than the large object at the same azimuth. In this
regard, when the size of the object on the far side from
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the ship at the same azimuth is smaller than the size of
the object on the close side to the ship, the small object
may not be detected as the target object as in the echo
identification processor 10d of this modification. Thus, it
may be prevented that a false image caused by multiple
reflections is erroneously identified as the target object.
[0078] As described above, the echo identification
processor 10d of the radar apparatus of this modification
may prevent erroneous identification of the false image
caused by multiple reflections as the target object.
[0079] Note that, with reference to Fig. 19, in the radar
apparatus of this modification, in order to facilitate the
understanding that the echo image TG2 estimated to be
the false image is caused by multiple reflections, for ex-
ample, the echo image TG2 may be surrounded by a
marker MK2 indicated by a dashed line as illustrated in
Fig. 19. Thus, the user may estimate that the echo image
TG2 is the false image.

[0080] (5) Fig. 20 is a block diagram of a radar appa-
ratus 1a according to a modification. Further, Fig. 21 is
a block diagram of an echo identification processor 10e
illustrated in Fig. 20. As illustrated in Fig. 20, the radar
apparatus 1a of this modification may include a position-
ing unit 25 and a buoy information acquirer 26 in addition
to the respective components provided to the radar ap-
paratus 1 of the above embodiment. Further, the echo
identification processor 10e may include a buoy identi-
fying submodule 27a in addition to the respective com-
ponents provided to the echo identification processor 10
of the above embodiment. The buoy identifying submod-
ule 27a may be included in an identifying module 27.
[0081] The positioning unit 25 may be configured by a
positioning device, such as a GPS receiver. The posi-
tioning unit 25 may acquire a ship position and heading
at a time point when the radar apparatus of this modifi-
cation acquires a sweep signal.

[0082] The buoy information acquirer 26 may store
chart information (nautical chart information) including
positions of buoys in a marine area where the ship travels.
The buoy information acquirer 26 may acquire positional
information of buoys within a given distance range from
the ship, among the buoys included in the chart informa-
tion.

[0083] The buoy identifying submodule 27a may iden-
tify buoys from the target objects identified as small ships
by the identifying module 27. For example, the buoy iden-
tifying submodule 27a may compare the position of each
target object identified as the small ship by the identifying
module 27 with the positional information of each buoy
acquired by the buoy information acquirer 26, to calculate
a distance therebetween. Further, when the distance is
short (within a given range), the buoy identifying submod-
ule 27a may identify that the target object identified as
the small ship is the buoy. On a display unit 6, an echo
image of the object identified as the buoy may be as-
signed with, for example, a symbol indicating that the
echo image is caused by the buoy.

[0084] As described above, the echo identification
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processor 10e of the radar apparatus of this modification
may identify whether the target object is the buoy.
[0085] (6)Inthe above embodiment, the characteristic
vector graph Gy may be created and the characteristic
vector graph G\, and the template TP may be compared
with each other; however, without limiting to this, the char-
acteristic vector CV which is the basis of the characteristic
vector graph G, may be compared with the template TP.
[0086] (7)Inthe above embodiment, the characteristic
vector CV may be created from the plurality of charac-
teristic amounts C1 to C4, and the characteristic vector
graph Gg\ obtained from the characteristic vector CV
and the template TP may be compared with each other;
however, it may not be limited to this. For example, the
characteristic amounts calculated from the partial sample
sequence may be compared with the characteristic
amounts constituting the template.

[0087] (8) In the above embodiment, the above char-
acteristic amounts C1 to C4 may be calculated as the
characteristic amounts; however, other characteristic
amounts may be used. For example, the characteristic
amounts may be a ratio between an average value and
a peak value in the rising portion of the echo sample
sequence, or a ratio between an average value and a
peak value in the falling portion of the echo sample se-
quence, etc.

DESCRIPTION OF REFERENCE CHARACTERS
[0088]

1, 1a Radar Apparatus

2a Antenna (Transducer)

10, 10a-10e Echo Identification Processor (Signal
Processor)

11, 15 Extracting Module

12, 16 Characteristic Vector Generating Module
(Characteristic Amount Calculating Module)
13,17,20 Memory

14,18, 21, 22, 23, 27 Identifying Module

Claims

1. A signal processor (10) for detecting a target object
by using a transducer (2a) for transmitting a trans-
mission wave and receiving a reflection wave of the
transmission wave, based on a reception signal ob-
tained from the reflection wave, the signal processor
(10) comprising:

an extracting module (11) configured to extract,
from echo sample sequences each of which is
obtained by plotting a plurality of samples con-
stituting the reception signal on coordinates de-
fined by a distance from the transducer (2a) and
amplitudes of the plurality of samples and is gen-
erated for each azimuth with reference to a po-
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sition of the transducer (2a), a plurality of sam-
ples caused by the target object as a partial sam-
ple sequence;

a characteristic amount calculating module (12)
configured to calculate a characteristic of the
partial sample sequence as a characteristic
amount;

a memory (13) configured to store a plurality of
type-based data that are data as comparison
targets of the characteristic amount and corre-
spond to types from which the target object is
identified; and

an identifying module (14) configured to com-
pare the characteristic amount with each of the
plurality of type-based data and, based on the
comparison result, identify the type of the target
object for which the characteristic amountis cal-
culated,

wherein the characteristic amount is one of

the number of samples constituting a rising por-
tion of the partial sample sequence,

the number of samples constituting a falling por-
tion of the partial sample sequence, and

a value obtained based on an integral value of
the falling portion.

The signal processor (10) of claim 1, wherein the
characteristic amount calculating module (12) calcu-
lates the plurality of characteristic amounts and gen-
erates a characteristic vector from the plurality of
characteristic amounts.

The signal processor (10) of any one of claims 1 to
2, wherein the identifying module (14) identifies the
target object based on similarity between the char-
acteristic amount and the type-based data.

The signal processor (10) of claim 3, wherein the
similarity is calculated based on a difference be-
tween the characteristic amount and the type-based
data.

The signal processor (10) of any one of claims 1 to
4, wherein the type corresponds to the size of the
target object.

The signal processor (10a) of any one of claims 1 to
5, wherein,

the memory (17) further stores clutter identifica-
tion data as data that is a comparison target of
the characteristic amount, and

the identifying module (18) compares the char-
acteristic amount with the clutter identification
data and identifies, based on the comparison
result, that the partial sample sequence for
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which the characteristic amount is calculated is
not caused by the target object.

7. The signal processor (10b) of any one of claims 1 to

6, further comprising:

a deterioration degree estimating module (19)
configured to estimate a deterioration degree
that is a degree of deterioration of the partial
sample sequence, the memory (13) storing the
plurality of type-based data classified for each
deterioration degree, as type-based data groups
for each deterioration degree; and

a data group selecting module (21a) configured
to select, based on the deterioration degree es-
timated by the deterioration degree estimating
module (19), a type-based data group for each
deterioration degree to be compared with the
partial sample sequence of which the deteriora-
tion degree is estimated,

wherein the identifying module (21) compares
the characteristic amount with each of the plu-
rality of type-based data constituting the type-
based data group for each deterioration degree
selected by the data group selecting module
(21a).

8. The signal processor (10c) of any one of claims 1 to

7, wherein,

the plurality of types from which the target object
is identified include at least a large object and a
small object indicating the size of the target ob-
ject, and

when a position of a certain one of the partial
sample sequences that is identified to be the
small object and a position of another one of the
partial sample sequences that is identified to be
the small object have at least a given distance
from each other, the identifying module (22)
identifies that the certain partial sample se-
quence is not caused by the target object.

9. The signal processor (10d) of any one of claims 1 to

8, wherein,

the plurality of types from which the target object
is identified are determined in advance accord-
ing to the size of the target object, and

when a close-side partial sample sequence and
a far-side partial sample sequence that are at
least two partial sample sequences are extract-
ed from the echo sample sequences, and the
size of the target object indicated by the type of
the far-side partial sample sequence that has a
longer distance than the close-side partial sam-
ple sequence from the transducer (2a) is smaller
than the size of the target object indicated by
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the type of the close-side partial sample se-
quence, the identifying module (23) identifies
that the far-side partial sample sequence is not
caused by the target object.

10. A radar apparatus (1a), comprising:

atransducer (2a) configured to transmit a trans-
mission wave and receive a reflection wave of
the transmission wave;

the signal processor (10e) of any one of claims
1to 9; and

a display unit (6) configured to display the iden-
tification result of the signal processor.

11. The radar apparatus (1a) of claim 10, equipped on

a ship, further comprising:

a positioning unit (25) configured to perform po-
sitioning of the ship; and

a buoy information acquirer (26) configured to
store nautical chart information including posi-
tions of buoys and acquire positional information
of a buoy within a given distance range from the
ship among the buoys in the nautical chart in-
formation,

wherein the identifying module (27) identifies
that the target object is the buoy based on the
positional information of the buoy acquired by
the buoy information acquirer and positional in-
formation of the target object for which the partial
sample sequence extracted by the extracting
module (11) of the signal processor is generat-
ed.

Patentanspriiche

1.

Signalprozessor (10) zum Detektieren eines Zielob-
jekts, indem ein Transducer (2a) zum Ubertragen
einer Ubertragungswelle und Empfangen einer Re-
flexionswelle der Ubertragungswelle verwendet
wird, basierend auf einem von der Reflexionswelle
erhaltenen Empfangssignal, wobei der Signalpro-
zessor (10) aufweist:

ein extrahierendes Modul (11), das dafiir konfi-
guriert ist, aus Echo-Abtastsequenzen, von de-
nen jede erhalten wird, indem eine Vielzahl von
das Empfangssignal bildenden Abtastungen in
Koordinaten, die durch eine Distanz vom Trans-
ducer (2a) definiert sind, und Amplituden der
Vielzahl von Abtastungen aufgetragen wird, und
fur jeden Azimut mit Bezug auf eine Position des
Transducers (2a) erzeugtwird, eine Vielzahl von
Abtastungen, die vom Zielobjekt verursacht
werden, als eine partielle Abtastsequenz zu ex-
trahieren;
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ein einen Charakteristikbetrag berechnendes
Modul (12), das dafur konfiguriert ist, eine Cha-
rakteristik der partiellen Abtastsequenz als Cha-
rakteristikbetrag zu berechnen;

einen Speicher (13), der daflr konfiguriert ist,
eine Vielzahl von typbasierten Daten zu spei-
chern, die Daten als Vergleichsziele des Cha-
rakteristikbetrags sind und Typen entsprechen,
aus denen das Zielobjekt identifiziert wird; und
ein identifizierendes Modul (14), das dafir kon-
figuriert ist, den Charakteristikbetrag mit jeder
der Vielzahl typbasierter Daten zu vergleichen
und auf Basis des Vergleichsergebnisses den
Typ des Zielobjekts zu identifizieren, fir den der
Charakeristikbetrag berechnet wird,

wobei der Charakteristikbetrag

die Anzahl von Abtastungen, die einen anstei-
genden Teil der partiellen Abtastsequenz bil-
den,

die Anzahl von Abtastungen, die einen fallenden
Teil der partiellen Abtastsequenz bilden, oder
ein Wert ist, der basierend auf einem Integral-
wert des fallenden Teils erhalten wird.

Signalprozessor (10) nach Anspruch 1, wobei das
einen Charakteristikbetrag berechnende Modul (12)
die Vielzahl von Charakteristikbetrdgen berechnet
und aus der Vielzahl von Charakteristikbetragen ei-
nen Charakteristikvektor erzeugt.

Signalprozessor (10) nach einem der Anspriiche 1
bis 2, wobei das identifizierende Modul (14) das Ziel-
objekt basierend auf einer Ahnlichkeit zwischen dem
Charakteristikbetag und den typbasierten Daten
identifiziert.

Signalprozessor (10) nach Anspruch 3, wobei die
Ahnlichkeit auf Basis einer Differenz zwischen dem
Charakteristikbetrag und den typbasierten Daten be-
rechnet wird.

Signalprozessor (10) nach einem der Anspriiche 1
bis 4, wobei der Typ der GroRe des Zielobjekts ent-
spricht.

Signalprozessor (10a) nach einem der Anspriiche 1
bis 5, wobei

der Speicher (17) ferner Clutter-Identifizie-
rungsdaten als Daten speichert, die ein Ver-
gleichsziel des Charakteristikbetrags sind, und
das identifizierende Modul (18) den Charakte-
ristikbetrag mit den Clutter-Identifizierungsda-
ten vergleicht und basierend auf dem Vergleich-
sergebnis identifiziert, dass die partielle Abtast-
sequenz, fur die der Charakteristikbetrag be-
rechnet wird, nicht von dem Zielobjekt verur-
sacht wird.



7.

25 EP 3 290 947 B1 26

Signalprozessor (10b) nach einem der Anspriiche 1
bis 6, ferner aufweisend:

ein einen Verschlechterungsgrad abschatzen-
des Modul (19), das dafiir konfiguriert ist, einen
Verschlechterungsgrad, der ein Grad einer Ver-
schlechterung der partiellen Abtastsequenz ist,
abzuschéatzen, wobei der Speicher (13) die Viel-
zahl typbasierter Daten, die fir jeden Ver-
schlechterungsgrad klassifiziert sind, als typba-
sierte Datengruppen fir jeden Verschlechte-
rungsgrad speichert; und

ein eine Datengruppe auswahlendes Modul
(21a), das dafir konfiguriert ist, basierend auf
dem Verschlechterungsgrad, der durch das ei-
nen Verschlechterungsgrad abschatzende Mo-
dul (19) abgeschatzt wird, eine typbasierte Da-
tengruppe fir jeden Verschlechterungsgrad
auszuwahlen, um mit der partiellen Abtastse-
quenz verglichen zu werden, von der der Ver-
schlechterungsgrad abgeschatzt wird,

wobei das identifizierende Modul (21) den Cha-
rakteristikbetrag mit jeder der Vielzahl typba-
sierter Daten vergleicht, die die typbasierte Da-
tengruppe fiir jeden Verschlechterungsgrad bil-
den, die vom eine Datengruppe auswahlenden
Modul (21a) ausgewahlt wird.

8. Signalprozessor (10c) nach einem der Anspriiche 1

bis 7, wobei

die Vielzahl von Typen, aus denen das Zielob-
jekt identifiziert wird, zumindest ein groRes Ob-
jektund ein kleines Objekt enthalt, die die Grolie
des Zielobjekts angeben, und,

wenn eine Position einer bestimmten der parti-
ellen Abtastsequenzen, die als das kleine Ob-
jekt identifiziert wird, und eine Position einer an-
deren der partiellen Abtastsequenzen, die als
das kleine Objekt identifiziert wird, zumindest ei-
ne gegebene Distanz voneinander aufweisen,
das identifizierende Modul (22) identifiziert,
dass die bestimmte partielle Abtastsequenz
nicht vom Zielobjekt verursacht wird.

9. Signalprozessor (10d) nach einem der Anspriiche 1

bis 8, wobei

die Vielzahl von Typen, aus denen das Zielob-
jekt identifiziert wird, vorher entsprechend der
GroRe des Zielobjekts bestimmt wird und,

wenn eine nahseitige partielle Abtastsequenz
und eine fernseitige partielle Abtastsequenz, die
zumindest zwei partielle Abtastsequenzen sind,
aus den Echo-Abtastsequenzen extrahiert wer-
den und die GréRe des Zielobjekts, die durch
den Typ der fernseitigen partiellen Abtastse-
quenz angegeben wird, die eine langere Distanz
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als die nahseitige partielle Abtastsequenz vom
Transducer (2a) aufweist, kleiner als die Grof3e
des Zielobjekts ist, die durch den Typ der nah-
seitigen partiellen Abtastsequenz angegeben
wird, das identifizierende Modul (23) identifi-
ziert, dass die fernseitige partielle Abtastse-
quenz nicht vom Zielobjekt verursacht wird.

10. Radarvorrichtung (1a), aufweisend:

einen Transducer (2a), der dafiir konfiguriert ist,
eine Ubertragungswelle zu (ibertragen und eine
Reflexionswelle der Ubertragungswelle zu emp-
fangen;

den Signalprozessor (10e) nach einem der An-
spriiche 1 bis 9; und

eine Anzeigeeinheit (6), die daflr konfiguriertist,
das Identifizierungsergebnis des Signalprozes-
sors anzuzeigen.

11. Radarvorrichtung (1a) nach Anspruch 10, eingerich-
tet auf einem Schiff, ferner aufweisend:

eine Positionsbestimmungseinheit (25), die da-
fur konfiguriert ist, eine Positionsbestimmung
des Schiffs durchzufiihren;

eine Einrichtung (26) zur Erfassung von Bojen-
informationen, die daflr konfiguriertist, Informa-
tionen einer nautischen Karte zu speichern, die
Positionen von Bojen enthalt, und eine Positi-
onsinformation einer Boje innerhalb eines ge-
gebenen Distanzbereichs vom Schiff unter den
Bojen in den Informationen einer nautischen
Karte zu erfassen,

wobei das identifizierende Modul (27) identifi-
ziert, dass das Zielobjekt die Boje ist, basierend
auf der Positionsinformation der Boje, die von
der Einrichtung zur Erfassung von Bojeninfor-
mationen erfasst wurde, und einer Positionsin-
formation des Zielobjekts, fir das die durch das
extrahierende Modul (11) des Signalprozessors
extrahierte partielle Abtastsequenz erzeugt
wird.

Revendications

1. Processeur de signal (10) pour détecter un objet ci-
ble en utilisant un transducteur (2a) pour transmettre
une onde de transmission et recevoir une onde de
réflexion de 'onde de transmission, sur la base d’un
signal de réception obtenu de I'onde de réflexion, le
processeur de signal (10) comprenant :

un module d’extraction (11) configuré pour ex-
traire, a partir de séquences d’échantillon
d’écho dont chacune est obtenue en tragantune
pluralité d’échantillons constituant le signal de
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réception sur des coordonnées définies par une
distance au transducteur (2a) et des amplitudes
de la pluralité d’échantillons et est générée pour
chaque azimut avec référence a une position du
transducteur (2a), une pluralité d’échantillons
provoqués par 'objet cible sous la forme d'une
séquence d’échantillon partielle ;

un module de calcul de quantité caractéristique
(12) configuré pour calculer une caractéristique
de la séquence d’échantillon partielle en tant
que quantité caractéristique ;

une mémoire (13) configurée pour stocker une
pluralité de données basées sur le type qui sont
des données en tant que cibles de comparaison
de la quantité caractéristique et correspondent
a des types a partir desquels I'objet cible est
identifié ; et

un module d’identification (14) configuré pour
comparer la quantité caractéristique a chacune
de la pluralité de données basées sur le type et,
sur la base du résultat de la comparaison, iden-
tifier le type de I'objet cible pour lequel la quantité
caractéristique est calculée,

dans lequel la quantité caractéristique est I'un
parmi

le nombre d’échantillons constituant une partie
montante de la séquence d’échantillon partielle,
le nombre d’échantillons constituant une partie
descendante de la séquence d’échantillons par-
tielle, et

une valeur obtenue sur la base d’une valeur in-
tégrale de la partie descendante.

Processeur de signal (10) selon la revendication 1,
dans lequel le module de calcul de quantité carac-
téristique (12) calcule la pluralité de quantités carac-
téristiques et génere un vecteur caractéristique a
partir de la pluralité de quantités caractéristiques.

Processeur de signal (10) selon I'une des revendi-
cations 1 a 2, dans lequel le module d’identification
(14) identifie 'objet cible sur la base de la similarité
entre la quantité caractéristique et les données ba-
sées sur le type.

Processeur de signal (10) selon la revendication 3,
dans lequel la similarité est calculée sur la base
d’'une différence entre la quantité caractéristique et
les données basées sur le type.

Processeur de signal (10) selon I'une des revendi-
cations 1 a 4, dans lequel le type correspond a la

taille de I'objet cible.

Processeur de signal (10a) selon 'une des revendi-
cations 1 a 5, dans lequel,

la mémoire (17) stocke en outre des données
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d’identification de fouillis en tant que données
qui sont une cible de comparaison de la quantité
caractéristique, et

le module d’identification (18) compare la quan-
tité caractéristique aux données d’identification
de fouillis et identifie, sur la base du résultat de
la comparaison, que la séquence d’échantillon
partielle pour laquelle la quantité caractéristique
est calculée n’est pas provoquée par l'objet ci-
ble.

Processeur de signal (10b) selon 'une des revendi-
cations 1 a 6, comprenant en outre :

un module d’estimation de degré de détériora-
tion (19) configuré pour estimer un degré de dé-
térioration qui est un degré de détérioration de
la séquence d’échantillon partielle, la mémoire
(13) stockant la pluralité de données basées sur
le type classées pour chaque degré de détério-
ration, en tant que groupes de données basées
sur le type pour chaque degré de détérioration ;
et

un module de sélection de groupe de données
(21a) configuré pour sélectionner, sur la base
du degré de détérioration estimé par le module
d’estimation de degré de détérioration (19), un
groupe de données basé sur le type pour cha-
que degré de détérioration a comparer a la sé-
quence d’échantillon partielle dont le degré de
détérioration est estimé,

dans lequel le module d’identification (21) com-
pare la quantité caractéristique a chacune de la
pluralité de données basées sur le type consti-
tuant le groupe de données basées sur le type
pour chaque degré de détérioration sélectionné
par le module de sélection de groupe de don-
nées (21a).

8. Processeur de signal (10c) selon 'une des revendi-

cations 1 a 7, dans lequel,

la pluralité de types a partir desquels I'objet cible
estidentifié comprennentau moins un grand ob-
jet et un petit objet indiquant la taille de 'objet
cible, et

quand une position d’'une certaine des séquen-
ces d’échantillon partielle qui est identifiée com-
me étantle petit objet et une position d’'une autre
des séquences d’échantillon partielle qui est
identifiée comme étantle petit objet ontau moins
une distance donnée l'une de 'autre, le module
d’identification (22) identifie que la certaine sé-
quence d’échantillon partielle n’est pas provo-
quée par l'objet cible.

9. Processeur de signal (10d) selon I'une des revendi-

cations 1 a 8, dans lequel,
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la pluralité de types a partir desquels I'objet cible

est identifié sont déterminés al’'avance en fonc-

tion de la taille de I'objet cible, et

quand une séquence d’échantillon partielle c6té
proche et une séquence d’échantillon partielle 5
coté éloigné qui sont au moins deux séquences
d’échantillon partielles sont extraites des sé-
quences d’échantillon d’écho, et que la taille de
I'objet cible indiquée par le type de la séquence
d’échantillon partielle cété éloigné qui présente 70
une distance plus longue que la séquence
d’échantillon partielle c6té proche au transduc-
teur (2a) est plus petite que la taille de I'objet
cible indiquée par le type de la séquence
d’échantillon partielle c6té proche, le module 75
d’identification (23) identifie que la séquence
d’échantillon partielle c6té éloigné n’est pas pro-
voquée par l'objet cible.

10. Appareil radar (1a), comprenant : 20

un transducteur (2a) configuré pour transmettre

une onde de transmission et recevoir une onde

de réflexion de 'onde de transmission ;

le processeur de signal (10e) selon 'une des 25

revendications 1a 9 ; et

une unité d’affichage (6) configurée pour affi-

cher le résultat d’identification du processeur de

signal.

30
11. Appareil radar (1a) selon la revendication 10, équi-
pant un navire, comprenant en outre :

une unité de positionnement (25) configurée
pour effectuer un positionnement du navire ; et 35
un acquéreur d’informations de bouée (26) con-
figuré pour stocker des informations de carte
marine comprenant des positions de bouées et
acquérir des informations de position d’'une
bouée dans une plage de distance donnée au 40
navire parmi les bouées dans les informations

de carte marine,

dans lequel le module d’identification (27) iden-

tifie que I'objet cible estla bouée surla base des
informations de position de la bouée acquises 45
par I'acquéreur d’informations de bouée et des
informations de position de 'objet cible pour le-
quel la séquence d’échantillon partielle extraite

par le module d’extraction (11) du processeur

de signal est générée. 50

55
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